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Modify CESR for Operation 
at Ecm = 3-5 GeV

• Luminosity = 1-4 x 1032

• Run Plan
– 3fb-1 at 3770 (DD production)
– 3fb-1 at 4140 (DsDs production) 
– 1fb-1 at 3100 (J/ψ production)

• Physics Reach of the CLEO-C Program?
– Data Samples

• 30M Ψ’’ ==> ~6 Million tagged D decays
• 1.5M DsDs ==> ~0.3 Million tagged Ds

• >109 J/Ψ ==> billions of J/ψψ’s - UNIQUE

– Samples are nearly background free

• What can the competition do?
• Data Samples in 2004

– BaBar/Belle ~200-400 fb-1

» ~500M cc pairs
– BESII 

» 50M J/Ψ

WEA
K

QCD

About one year each

Large data set
Large backgrounds
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Physics Targets & Sensitivity

CLEO-C BaBar Current
2-4fb-1 400 fb-1 Knowledge

f_D |Vcd| 1.5-2% * n.a.

f_Ds |Vcs| <1% 5-10% 19%

Br(D+ -> Κππ) 1.5% 3-5% 7%
Br(Ds -> φπ) 2-3% 5-10% 25%
Br(D->πlν) 1.4% 3% 18%
Br(Λc -> pΚπ) 6% 5-15% 26%

A(CP) ~1% ~1% 3-9%
x'(mix) 0.01 0.01 0.03

* Still under study

S y s t e m a t i c s  &  b a c k g r o u n d  
l i m i t e d .

P h y s i c s  P r o g r a m  P a r t  1 :   
W e a k  I n t e r a c t i o n  P h y s i c s

S t a t i s t i c s  l i m i t e d .
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T h e  C K M  M a t r i x :

V u d V u s V u b
V c d V c s V c b
V t d V t s V t b

H o w  w e l l  d o  w e  k n o w  t h e s e  e l e m e n t s  f r o m  d i r e c t  
m e a s u r e m e n t  ( i . e . ,  w i t h o u t  i m p o s i n g  U n i t a r i t y ) ?

0 . 1 % 1 % 2 5 %
7 % 1 6 % 5 %
3 6 % 3 9 % 2 9 %

U n i t a r i t y  m a y  b e  t e s t e d  w i t h  a n y  p a i r  o f  r o w s  o r  
c o l u m n s .  B f a c t o r i e s :  f i r s t  &  l a s t  c o l u m n s .  C L E O - C :  
f i r s t  t w o  r o w s  - -

| V u d V c d * |

| V u s V c s * |

| V u b V c b * |

T h u s  a  ~ 1%  m e a s u r e m e n t  o f  | V c d |  a n d  | V c s |  w i l l  
a l l o w  a  c h e c k  o f  U n i t a r i t y  a t  t h e  1%  l e v e l .

P r e c i s i o n  C h a r m  M e a s u r e m e n t s  a n d  
t h e  C K M  P r o g r a m
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T h e  F u t u r e  o f  L a t t i c e  Q C D  

( P e t e r  L e p a g e )

C o r n e l l  W o r k s h o p  o n  H i g h  P r e c i s i o n  L a t t i c e  Q C D ,  
J a n u a r y  2 0 0 1

– 1 %  a c c u r a c y  f o r  d o z e n s  o f  “ g o l d - p l a t e d ”
c a l c u l a t i o n s  p o s s i b l e  w i t h i n  2 - 3  y e a r s :

• M a s s e s ,  d e c a y  c o n s t a n t s , s e m i l e p t o n i c f o r m  
f a c t o r s ,  a n d  m i x i n g  a m p l i t u d e s  f o r  D ,  D s ,  D * ,  D s * ,  
B ,  B s ,  B * ,  B s * ,  a n d  c o r r e s p o n d i n g  b a r y o n s .

• M a s s e s ,  l e p t o n i c  w i d t h s ,  e l e c t r o m a g n e t i c  f o r m  
f a c t o r s ,  a n d  m i x i n g  a m p l i t u d e s  f o r  a n y  m e s o n  i n  ψ
a n d  Υ f a m i l i e s  b e l o w  D  a n d  B  t h r e s h o l d .

• M a s s e s ,  d e c a y  c o n s t a n t s ,  e l e c t r o w e a k  f o r m  
f a c t o r s ,  c h a r g e  r a d i i ,  m a g n e t i c  m o m e n t s ,  a n d  
m i x i n g  a n g l e s  f o r  l o w - l y i n g  l i g h t - q u a r k  h a d r o n s .

– U s e s  c u r r e n t  ( 1 9 8 5 - 1 9 9 9 )  t e c h n i q u e s ; n e w  
t y p e s  o f  d a t a  ( e . g . ,  g l u e b a l l s )  w i l l  d r i v e  
d e v e l o p m e n t  o f  n e w  t e c h n i q u e s .

– P r o g r e s s  d r i v e n  b y  i m p r o v e d  a l g o r i t h m s
( t h e o r e t i c a l  p h y s i c s ) ,  n o t  i m p r o v e d  h a r d w a r e .  
F u t u r e  p a c e  w i l l  b e  m u c h  f a s t e r  t h a n  p a c e  o f  
h a r d w a r e  e v o l u t i o n .



6

• O n e  E x a m p l e :  f D s f r o m  D s - >  µν
– B ( D s - > µ ν ) D O N E  A T  ΥΥ ( 4 S )

• S e a r c h  f o r  D s *  - >  D s γ ,  D s - > µ ν

– D e p e n d s  o n  “ n e u t r i n o  r e c o n s t r u c t i o n ”

– B a c k g r o u n d s  a r e  L A R G E !

• P r e c i s i o n  l i m i t e d  b y s y s t e m a t i c s  o f  
b a c k g r o u n d d e t e r m i n a t i o n  ~ 5 - 1 0 %

E x c e s s  o f  µ o v e r  e  f a k e s
B a c k g r o u n d  m e a s u r e d  w i t h  e l e c t r o n s

C L E O  s i g n a l  4 . 8 f b - 1

C L E O  @  Y ( 4 S )
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D e t e r m i n a t i o n  o f  f D s f r o m  O P A L  ( M a r c h  2 0 0 1 )
f D s =  2 8 6  ±  4 4  ±  4 1  M e V  ( 2 1 % )
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6 %  o f  p r o j e c t e d  
D a t a  S a m p l e

C L E O - C

τν c h a n n e l  4 x  m o r e

… A n d  t h e  s a m e  D s - > µ ν d o n e  a t  t h r e s h o l d . . .

– T a k e  a d v a n t a g e  o f  t h r e s h o l d  r u n n i n g

• T a g  D s b y  f u l l  r e c o n s t r u c t i o n  ( 1 0 %  e f f )

• L o o k  o p p o s i t e  f o r  s i n g l e  t r a c k  

• N e g l i g i b l e b a c k g r o u n d !

– P r e c i s i o n  l i m i t e d  b y  s t a t i s t i c s ~ 1 %
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• P r e c i s i o n  m e a s u r e m e n t s

– A b s o l u t e  c h a rm  B R ’ s

– S e m i - L e p t o n i c  f o r m  f a c t o r s

– S t r i n g e n t  c a l i b r a t i o n / v a l i d a t i o n  o f  L Q C D

• P r e c i s i o n  D e c a y  C o n s t a n t s  f D , f D s

– E x t r a c t  V c s ,  V c d  t o  ~ 1 %

– P r e c i s i o n  t e s t  o f  U n i t a r i t y

– C o m p l e t e  t h e  C KM  p r o g r a m

• S . L .  D e c a y s

• S e a r c h e s  f o r  n e w  p h y s i c s

– D  m i x i n g

– C P  V i o l a t i o n  i n  D d e c a y

– R a r e  D  d e c a y s

L o w  b a c k g r o u n d  e n v i r o n m e n t  - - >  q u a l i t a t i v e  
a n d  q u a n t i t a t i v e  a d v a n t a g e

P r o b e  e s s e n t i a l  
n a t u r e  o f  w e a k  
d e c a y s

E n a b l i n g  
m e a s u r e m e n t s  
f o r  t e s t s  o f  
w e a k  d e c a y s

L o o k  f o r  t h e
u n e x p e c t e d

S u m m a r y  o f  C L E O - c  P r o b e s  
o f  W e a k  I n t e r a c t i o n  P h y s i c s
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P h y s i c s  P r o g r a m  P a r t  2

L o w  E n e r g y  Q C D :  G r a p p l i n g  
w i t h  a  N o n p e r t u r b a t i v e  

W o r l d

• U n a m b i g u o u s  p r e d i c t i o n s  o f  Q C D :

– G l u e b a l l s  G = | g g >  &  H y b r i d s  H = | g q q  >

• R i c h  s p e c t r u m  p r e d i c t e d ;  n o  d e f i n i t i v e  
a s s i g n m e n t s  t o  o b s e r v e d  b u m p s

• E s s e n t i a l  v e r i f i c a t i o n  o f  Q C D  t o  f i n d  
e v i d e n c e  o f  t h e s e  s t a t e s

• E s s e n t i a l  t e s t  o f  o u r  u n d e r s t a n d i n g  o f  
s t r o n g l y  c o u p l e d  t h e o r y  t o  c a l c u l a t e  t h e i r  
s p e c t r a

• T h e  m o s t  i n t e r e s t i n g ,  c h a l l e n g i n g ,  a n d  

u n i q u e  p a r t  o f  Q C D  i s  n o t  u n d e r  c o n t r o l :  

n o n p e r t u r b a t i v e  p h y s i c s

• G o a l  o f  C L E O - C  Q C D  P r o g r a m :

– D e t e r m i n e  c o m p o s i t i o n  f o r  v a r i e t y  o f  
e x o t i c a  i n  1 . 5 - 2 . 5  G e V  m a s s  r a n g e
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T h e  C h a l l e n g e  o f  S t r o n g l y  
C o u p l e d  F i e l d  T h e o r i e s

• B i g g e s t  c h a l l e n g e  i n  t h e o r e t i c a l  p h y s i c s

– S t r o n g l y  c o u p l e d  f i e l d  t h e o r i e s  a r e  g e n e r i c ;  
w e a k - c o u p l i n g  i s  a  s p e c i a l  c a s e .

– M a n y  c o m m u n i t i e s  w o r k i n g  o n  t h e  i s s u e s

• S t r i n g  t h e o r i s t s

– C a l c u l a t i o n  o f  g l u e  b a l l  s p e c t r u m

• L a t t i c e  g a u g e  t h e o r i s t s

– O n l y  f u n d a m e n t a l  t o o l  f o r  d e a l i n g  w i t h  S C

• H o w  d o e s  C L E O - C  p r o g r a m  f i t  i t ?

– Q C D  n e e d s  d e t a i l e d ,  h i g h  q u a l i t y  d a t a  t o  d r i v e  i t  
f o r w a r d .

– W h o  c a r e s ?

• N e a r  t e r m :   B  p h y s i c s ! W e  s e e  h a d r o n s ,  n o t  q u a r k s .

• L o n g  t e r m :  H i g h  e n e r g y  f r o n t i e r :  s t r o n g l y  c o u p l e d  
s e c t o r s  a b o v e  1  T e V

– C o m p l e t e  t h e  l a s t  k n o w n  s e c t o r  o f  Q C D  
( g l u e b a l l s ,  h y b r i d s )  w i t h  p r e c i s i o n  d a t a
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E x a m p l e :  S e a r c h  f o r  “ G l u e b a l l s ”

• S t r a t e g y  P a r t  1 :  1 f b - 1 o n  J / Ψ
– S e a r c h  f o r  s t a t e s  i n  

g l u e  r i c h  e n v i r o n m e n t

• B (  J / Ψ - > γ X )  ~  6 %

– C o p i o u s  s o u r c e  o f  c o l o r  s i n g l e t g g  p a i r s

– J P C = 0 + + , 0 - + , 2 + +

– P a r t i a l  W a v e  A a n a l y s i s  t o  g e t  Q u a n t u m  
N u m b e r s  o f  o b s e r v e d  s t a t e s

• H e r m e t i c  d e t e c t o r  /  L o w  b a c k g r o u n d

• S t r a t e g y  P a r t  2 :  C u r r e n t  2γ D a t a  - 2 5 f b - 1

– A n t i - s e a r c h  i n  g l u e - p o o r  e n v i r o n m e n t

• E g .  e + e - - >  e + e - γγ - >  e + e - X  … .  

• T w o  P h o t o n  p r o d u c t i o n  f a v o r s  q q  ( p h o t o n  c o u p l e s  
t o  c h a r g e )

• S t r a t e g y  P a r t  3 :  1 f b - 1 o n  Υ ( 1 S )

– C o m p a r e  Γ ( J / Ψ - >  γ X )  a n d  Γ ( Υ ( 1 S )  - >γ X )

• C a n  c o n f i r m  e x i s t e n c e  o f  s t a t e s

• P r o b e  d e t a i l s  o f  w a v e  f u n c t i o n s

• T e s t  c o n c l u s i o n s  d r a w n  f r o m  J / Ψ &  γγ d a t a

c

c
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I n t e r a c t i o n  w i t h  L a t t i c e  Q C D

( C o r n e l l  W o r k s h o p  o n  H i g h  P r e c i s i o n  L a t t i c e  Q C D )
( g p l )

ψ a n d  Υ P h y s i c s
– > 3 0  g o l d - p l a t e d  ( 1 % )  l a t t i c e  c a l c u l a t i o n s  p o s s i b l e  

w i t h i n  n e x t  2 - 3  y e a r s .

• M a s s e s ,  s p i n  f i n e  s t r u c t u r e  f o r  S ,  P ,  D  s t a t e s .

• L e p t o n i c  w i d t h s  f o r  S - s t a t e s .

• E l e c t r o m a g n e t i c  t r a n s i t i o n  f o r m  f a c t o r s  f o r  P - > S  
s t a t e s ,  S - > P  s t a t e s  … .

• S - D  m i x i n g .

– R i c h e s t ,  m o s t  e f f i c i e n t  c a l i b r a t i o n /  t e s t i n g  
g r o u n d  f o r  l a t t i c e  t e c h n i q u e s .

• D e t a i l e d  v e r i f i c a t i o n  o f  a  m a j o r  n e w t h e o r e t i c a l  
t e c h n i q u e  ( c f 1 9 5 0 ’ s ) .

• E s s e n t i a l  f o r  c r e d i b i l i t y / v i a b i l i t y  o f  h i g h - p r e c i s i o n  
B ,  D  e x p e r i m e n t s  a t  B a B a r ,  C L E O  …

• C a l i b r a t e s  m a n y  d i f f e r e n t  t e c h n i q u e s .

– E s s e n t i a l  p r e c u r s o r  t o  h e a v y - h y b r i d  s e a r c h e s .
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C u r r e n t  S t a t u s

• E x p e r i m e n t a l

– F a r  f r o m  c l e a r !

– L i s t  o f  “ g l u e  b a l l ”  s u s p e c t s

• η ( 1 4 0 0 )  r e g i o n

• f 0 ( 1 5 0 0 )

• f J ( 1 7 1 0 )

• ξ ( 2 2 3 0 )

– T h e  s i t u a t i o n  i s  c o m p l i c a t e d  a n d  
e x p e r i m e n t a l  r e s u l t s  a r e  c o n t r a d i c t o r y

– S o r t i n g  i t  o u t  w i l l  b e  c h a l l e n g i n g !

• L o o k s  m e s s y  n o w  d u e  t o  i n s u f f i c i e n t  
s t a t i s t i c s

• T h e o r e t i c a l  
– L a t t i c e :  B e l i e v a b l e  a n d  i n c r e a s i n g l y  

p r e c i s e
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B E S
1 9 9 6

M K I I I
1 9 8 6

E x a m p l e :  t h e  x ( 2 2 3 0 )

1 / 6  C L E O - C
A s s u m i n g  B E S  
B r a n c h i n g  R a t i o
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? ?

O P A L
1 9 9 8

L 3
1 9 9 7

L 3  S i g n a l

… B u t  t h e  e x i s t i n g  m e a s u r e m e n t s  
a r e  m u r k y . . .

N o  e v i d e n c e  i n  p p b a r  f r o m  L E A R  ( h i g h  s t a t i s t i c s ! ) :

I n c o n s i s t e n t  r e p o r t s  f r o m  O P A L  a n d  L 3  i n  3 - j e t  e v e n t s :

L E A R
1 9 9 8
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Quantity BES II CLEO-C

J/psi yield 50M > 1000M

dE/dx res. 9% 4.9%

K/pi separation up to 600 MeV 1500 MeV

momentum res. (500Mev) 1.3% 0.5%

Photon resolution (100 Mev) 70 MeV 4 MeV

Photon resolution (1000 Mev) 220 MeV 21 MeV

Minimum Photon Energy 80 MeV 30 MeV

Solid angle for Tracking 80% 94%

Solid angle for Photons 75% 95%

C o m p a r i s o n  w i t h  O t h e r  E x p t s
C h i n a :
B E S  I I  i s  r u n n i n g  n o w .  
B E S  I I  - - >  B E S  I I I  u p g r a d e
B E P C  I  - - >  B E P C  I I  u p g r a d e ,  ~ 1 0 3 2 l u m i .  
P h y s i c s  a f t e r  2 0 0 5  i f  a p p r o v a l  &  c o n s t r u c t i o n  g o  a h e a d .

H A L L - D  a t  T J N A L :
γ p  t o  p r o d u c e  s t a t e s  w i t h  e x o t i c  Q u a n t u m  N u m b e r s
F o c u s  o n  l i g h t  s t a t e s  w i t h  J P C =  0 + - ,  1 + - ,  …  
C o m p l e m e n t a r y  t o  C L E O - C  f o c u s  o n  h e a v y  s t a t e s  w i t h  
J P C = 0 + + ,  2 + + ,  …
P h y s i c s  i n  2 0 0 7 +  ?

b e i n g  p r o p o s e d
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S u m m a r y  o f  C L E O - C  P r o g r a m

• S i g n i f i c a n t / U n i q u e  r e a c h  i n  w e a k  p h y s i c s

– P r e c i s i o n  m e a s u r e m e n t s  o f  d e c a y  c o n s t a n t s  a n d  
a b s o l u t e  B r :  - - >  P r e c i s i o n  C K M  U n i t a r i t y  t e s t s .

– S e a r c h e s  f o r  n e w  p h y s i c s  - >  C P V ,  D m i x ,  r a r e  D  
d e c a y s , . . .

– C o m p e t e s  f a v o r a b l y  w i t h  B - f a c t o r i e s

• M e a s u r e m e n t s  b o t h  q u a l i t a t i v e l y  a n d  q u a n t i t a t i v e l y  
b e t t e r ;  i n  s o m e  c a s e s  x 1 0  b e t t e r

– C o m p l e m e n t s  a n d  b o l s t e r s  B - f a c t o r y  p r o g r a m

• C K M  t e s t s ,  C h a r m  B R ,  L Q C D  p r o v i n g  g r o u n d ,  H Q E T

• S i g n i f i c a n t / U n i q u e  r e a c h  i n  Q C D

– > 2 0  t i m e s  w o r l d ’ s  d a t a  s a m p l e

– M o d e r n  d e t e c t o r  w i t h  s i g n i f i c a n t l y  b e t t e r  
r e s o l u t i o n  a n d  c o v e r a g e  t h a n  B E S ,  M A R K I I I , . . .

– S i n g l e  e x p e r i m e n t :  3 - p r o n g  a t t a c k

– C l e a n  u p  p r o b l e m s  t h a t  h a v e  b e e n  o u t s t a n d i n g  i n  
l o w  e n e r g y  Q C D  f o r  a l m o s t  2 0  y e a r s

– L a y  g r o u n d w o r k  f o r  u n d e r s t a n d i n g  a  s t r o n g l y  
c o u p l e d  w o r l d .
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W h a t  a b o u t  t h e   c o l l a b o r a t i o n ?

• T h e  p r e s e n t  C L E O  c o l l a b o r a t i o n  h a s  
v o t e d  o v e r w h e l m i n g l y  i n  f a v o r o f  t h e  
C L E O - C  p r o j e c t

1 1 6  y e s ,  
3 0  p r o b a b l e  - - d e p e n d i n g  o n  f u n d i n g  
9  r e l u c t a n t l y  n o  - - d u e  t o  r e t i r e m e n t s  e t c

• I m p o r t a n t  p a r t  o f  t h e H e a v y  
q u a r k / C K M  p r o g r a m
• N e w  o p p o r t u n i t i e s  i n  t h e  Q C D  s e c t o r
• N a t u r a l  f i t  w i t h  f u t u r e  p l a n s  ( B T e V ,  
L H C , … )

• S e e k i n g  n e w  c o l l a b o r a t o r s  f r o m  t h e  
b o t h  h i g h  e n e r g y  a n d  m e d i u m  e n e r g y  
c o m m u n i t y .  R i c h  n e w  s p i g o t  o f  d a t a .
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M e a s u r e m e n t s  o f  c h a r m  m e s o n  b r a n c h i n g  

f r a c t i o n s  a n d  d e c a y  c o n s t a n t s
D  m i x i n g
S e m i l e p t o n i c  c h a r m  d e c a y s
T a u  m a s s  a n d  o t h e r  t h r e s h o l d  m e a s u r e m e n t s
B r a n c h i n g  f r a c t i o n s  o f  Λ c

C P  v i o l a t i o n  i n  D  d e c a y s
R a r e  d e c a y s  o f  D  a n d  D s m e s o n s
Q C D  s t u d i e s  w i t h  1 0 9 J / ψ d e c a y s
S e a r c h e s  f o r  Q C D  h y b r i d s  a n d  e x o t i c s
L i g h t  m e s o n  s p e c t r o s c o p y
O p p o r t u n i t i e s  a t  t h e  ψ ( 2 S )
M e a s u r e m e n t s  o f  R
P h y s i c s  o p p o r t u n i t i e s  i n  γγ c o l l i s i o n s

W o r k s h o p  o n  P r o s p e c t s  f o r  C L E O / C E S R  
w i t h  3  <  E c m  <  5  G e V

M a y  5 - 6 - 7  ( S a t - M o n )
C o r n e l l  U n i v e r s i t y

www.lns.cornell.edu/public/CLEO/CLEO-C
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• W e  h a v e  a  f i r s t  c l a s s  d e t e c t o r  v a s t l y  

s u p e r i o r  t o  w h a t  h a s  b e e n  u s e d  b y  

o t h e r  e x p e r i m e n t s .

• W e  h a v e  a  h i g h  l u m i n o s i t y  m a c h i n e  
c a p a b l e  o f  d e l i v e r i n g  1 0 0 x  l u m i n o s i t y  
o f  e x i s t i n g  m a c h i n e s  i n  t h i s  E c m r a n g e

• L a t t i c e  Q C D  p r i m e d  t o  m e e t  t h e  
c h a l l e n g e  o f  p r e c i s i o n  m e a s u r e m e n t s .

• W e  h a v e  a n  e x p e r i e n c e d  a n d  w e l l -
e q u i p p e d  c o l l a b o r a t i o n  r e a d y  t o  a c t .

W h y  C L E O ?  W h y  n o w ?


